A regularity previously observed in the ligand dependence of the magnetokinetic effect on the photoelectron transfer efficiency between photoexcited bileptic Ru-trisdiimine complexes and methylviologen has been substantiated by investigating, in addition, the bipyridine/phenanthroline series of ligands. Our theoretical model of the mechanism has been improved by taking into account non-rotational mechanisms of spin relaxation in the photooxidized Ru3 + -complex. 
Introduction
In liquid solution at room temperature complexes of many paramagnetic transition metal ions exhibit very short spin relaxation times 8, i.e. below 10"11 s [1] . Since [1] and LaMar et al. [2] ). The relaxation times of nuclear spins (Tl¡N, T2,n) are controlled by the stochastic motion of electron spins, whereby the fastness of electron spin relaxation is a precondition of keeping the NMR lines within an observable width. Based on quantitative theoretical relations [2, 3] [4] on the electron spin viewed in a time window of T2 N, usually not much shorter than 1 ms.
In this paper we demonstrate that magnetokinetic (or spin chemical) methods can provide another access to fast electron spin relaxation if the species of interest can be made a constituent of a spin selective chemical process. In this case, the time window over which the electron spin motion is sampled, is determined by the time constants of the pertinent chemical processes which may be as short as 10"11 s, i.e. just in the order of magnitude of the short paramagnetic relaxation times. In this sense, information on paramagnetic relaxation derived from magnetokinetic effects is much more "direct" than that obtained from NMR.
In this paper we will deal with Ru3 +-complexes having Kramers doublet ground states (effective spin S' = 1 /2). For them 5 values in the order of 10""tol0"12s have been reported [1, 5] , A magnetokinetically sensitive process in which such species are involved is the well known photooxidation of Ru(II)-trisdiimine complexes by methylviologen (MV2+) (cf. e.g. Ref.
[14]), investigated for its magnetic field dependence in several previous reports from this laboratory and others [6, 7, 8, [7, 10] that the magnetic field effects in the system described above strongly depend on the type of ligand L, whereby our studies comprised substituted bipyridines, phenanthrolines and some thia-and selenaheterocyclic diimine ligands. There was no obvious correlation between ligand properties and the resultant magnetic field effects. However, employing heteroleptic complexes with mixed ligand spheres (L"L3_") for L = 2,2'-bipyridine (bpy) and L' = 4,4'-bis(ethoxycarbonyl)-2,2'-bipyridine (dee), it appeared that the ligands contributed to the magnetic field effect in a rather additive fashion. In this paper we provide some experimental evidence to corroborate this assumption by another heteroleptic series with L = bpy, L' = phen (1,10-phenanthroline 
with H, the spin Hamiltonian, á?, the relaxation super operator and K, the reaction operator. In H, only the effect of Zeeman interaction within the Ru3 +-moiety is taken into account, which is most efficient in pair spin state mixing due to the strong anisotropy of the g-tensor of the Ru3 +-complex.
The matrix of the relaxation super operator 01 was previously derived for the mechanism of molecular rotation of the Ru3 +-complex. Here BET is assumed to be proportional to the true singlet character of any of the effective pair spin states T±, T0 and S'. A graphic visualization of the effects of the various terms in the SLE, Eq. (1) is given in Figure 1 .
The time integrated solution of Eq. (1) -^fei + fe2):
(k2-k1):
-(*!-*»: where rs is a magnetic field independent fit parameter. The assumptions made, imply that the correlation time rc of the stochastic perturbation inducing the relaxation is much shorter than 1 which certainly is the case if rs is found to be in the order of 10"11 s or shorter. The rotational contribution of Ru3 + spin relaxation is taken into account as previously described using DT = 1 ns~1 and a y-tensor in accord with the above given mixing angle of .v = 67.5°. However, it must be emphasized that in the present treatment the rotational mechanism contributes only to a minor extent as compared to the non-rotational mechanisms. In our previous treatment satisfactory modeling of the observed curvature of the magnetic field effect, particularly at low fields, was not possible without assuming a considerable fraction of the primary redox pair originating with effective singlet spin (i.e. 5 = 0.45), which conflicts with the generally assumed essential triplet nature of the photoreactive state or the principle of spin conservation during electron transfer processes, and the magnetic field effect amplitude was not correctly reproduced without assuming an unphysically high value of the rotational diffusion constant Dr.
With the present modification, these problems have disappeared. As is shown in Figure 4, Noting the shortcomings of the electronic Orbach mechanism Kleinschmidt et al. [19] Tables 2 and 3 . They are in the order of 1011 s~1 and by about a factor of 10 larger than the £bet values evaluated previously [7] for the average rate constant of BET [20] for references).
In the bpy/phen series kbel shows a weak decrease as ts drops from (bpy)3 to (phen)3. Although, in view of the constancy of dGbet no significant change of kbet is expected, one should be aware that in general the standard deviation of lgfcet(dGet) correlations is larger than the equivalent of a factor of 2 in ket, which is more than observed here. AVe will not speculate about possible origins of such small variations.
Conclusions
In this contribution we have extended the experimental basis substantiating a regular variation of the magnetokinetic effect with bileptic series of Ru3+-trisdiimine-complexes.
Incorporating the contribution of non-rotational spin relaxation of the paramagnetic complexes into our magnetokinetic theory has led to a fundamental improvement in the modeling of the observed magnetic effects within the limits of physically sensible parameter values. In particular, the observed effects are found to be in accord with the assumption that the primary pair of redox products originates with essential triplet spin, and the ligand dependence of the magnetic field effect can be traced back to the ligand dependence of paramagnetic relaxation to which the ligands contribute in a nearly additive fashion. An important relation between our magnetokinetic type of measurement and paramagnetic NMR has been pointed out and a stimulating interaction between these very different techniques of experimental access to short paramagnetic relaxation times may be anticipated.
